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common	 Lasius	 species	were	 less	 affected.	 Rare	 species	 occurred	mainly	 in	 plots	




loss	of	grassland	heterogeneity	 (reduced	plant	species	 richness)	and	 increased	soil	
moisture	by	shading	of	fast-growing	plant	species.
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natural	 grassland	 ecosystems	 show	a	 very	 high	plant	 and	 animal	










In	Germany,	about	28%	of	the	agricultural	 land	 is	used	 inten-
sively	 as	 grassland,	 either	 as	meadows	 or	 pastures	 (Statistisches	
Bundesamt,	 2016).	 The	 three	management	 practices	 used	 in	 ag-
ricultural	grasslands	are	mowing,	fertilization,	and	grazing	(mostly	
by	cattle	and	sheep).	They	differ	in	their	effects	on	biodiversity	in	




and	 reduced	plant	diversity	 (Harpole	&	Tilman,	2007).	This	 leads	
to	overall	multitrophic	homogenization	(Gossner	et	al.,	2016)	and	
therefore	a	decline	 in	arthropod	species	richness	and	abundance	
(Haddad	 et	 al.,	 2009).	 Besides	 these	 indirect	 effects,	 mowing	


























with	distinct	 functional	 traits	and	 therefore	 functional	 community	
composition	are	currently	not	well	understood.	The	 impact	of	 the	






















linked	 this	 to	 the	 enhanced	 growth	 of	 taller	 plant	 species.	 Such	
plant	 species	 reduce	 sun	 exposure	 and	 thus	 soil	 temperature,	




&	Wiens,	 2001;	Whitford,	 Zee,	 Nash,	 Smith,	 &	Herrick,	 1999)	 ef-
fects	 have	 been	 found.	 However,	 grazing	 effects	 are	 to	 date	 not	








In	 this	 study,	we	 aim	 at	 disentangling	 the	 effects	 of	 the	 com-
pound	 land-use	 intensity	 (LUI;	Blüthgen	et	al.,	2012)	and	 its	 three	
main	 components,	 grazing,	 fertilization,	 and	 mowing,	 on	 ant	 spe-
cies	 richness	 and	 abundance	 in	 temperate	 grasslands.	We	analyze	










Exploratories,	 which	 includes	 three	 study	 sites	 in	 Germany,	 the	
Schwäbische	 Alb,	 Hainich-Dün,	 and	 Schorfheide	 (Fischer	 et	 al.,	
2010)	(www.biodiversity-exploratories.de).	The	three	study	regions	
reflect	 a	 gradient	 of	 increasing	 altitude	 and	 precipitation	 and	 de-
creasing	annual	man	temperatures	from	northeastern	to	southwest-
ern	Germany	(for	detailed	description	of	the	regions	see	appendix).	









a	 year.	 Standardized	 interviews	have	been	 conducted	every	 year	 to	
record	the	 intensity	and	type	of	 land	use	for	every	plot,	considering	















the	 sampling	 on	 110	 of	 the	 150	 plots	 (Table	 1).	 Per	 50	m	×	50	m	
plot,	we	combined	 the	 three	different	 sampling	methods	of	pitfall	
trapping,	 hand	 sampling,	 and	 baiting	 in	 order	 to	 achieve	 a	 robust	
representation	 of	 ant	 species	 richness.	 Sampling	 was	 conducted	
in	 transects	 along	 all	 four	 edges	 of	 each	 plot,	 with	 transects	 of	
each	edge	being	50	m	 long	and	2	m	wide.	 In	 total,	12	pitfall	 traps	
were	 placed	 per	 plot	 along	 the	 transects	 (for	 detailed	 description	
see	appendix).	 In	2014,	we	sampled	pitfall	traps	 in	the	regions	Alb	
(June)	and	Hainich	(August)	and	July	2015	in	Schorfheide.	 In	2015	














































None Cattle Sheep Cattle & horses




17 2 16 2




5 13 15 0




17 23 0 0
Notes.	Plots	with	no	livestock	are	managed	as	meadows	(mown	and	fertilized	at	different	intensities).















We	 extracted	 life	 history	 traits	 of	 all	 ant	 species	mostly	 from	
Arnan,	 Cerdá,	 and	 Retana	 (2017)	 and	 partly	 from	 Seifert	 (2007,	
2017).	As	traits,	we	used	behavioral dominance,	number of queens per 
nest,	number of nests,	colony size,	and	assumed	nutritional niche	(val-
ues	for	the	latter	are	based	mostly	on	expert	knowledge	by	Seifert	
(2017),	but	also	based	on	former	published	work).	Further,	we	used	
the	 foraging strata,	 calculated	 from	values	a	 specific	 ant	 species	 is	
most	likely	found	foraging	on	assumed	by	Seifert	(2017).	As	a	mea-
surement	 of	 the	 ants´	 size,	 we	 used	 the	mean	Webers’ length	 per	
species.	The	trait	data	and	a	more	detailed	description	of	the	trait	
categories	 are	 provided	 in	 the	 Supporting	 information	 Appendix:	
Tables	S2,	S3,	and	S4.
2.6 | Statistical analyses
We	 performed	 all	 statistical	 analyses	 using	 R	 (R	 Version	 3.3.2,	 R	
Development	Core	Team,	2016).	To	analyze	the	effect	of	 land-use	























2016)	which	 generates	 a	 set	 of	models	with	 all	 possible	 combina-
tions	of	predictor	variables	and	weighted	the	models	based	on	their	
Akaike	information	criteria	for	small	samples	sizes	(AICc).	We	used	











goodness-of-fit	 test	 (Fisher's	C	 test)	 for	both	of	our	SEMs	as	 they	
were	both	fully	saturated,	with	each	path	being	based	on	a	plausible	
hypothesis.
To	 analyze	 the	 effect	 of	 land-use	 intensity	 on	 the	 number	 of	
sampled	ant	nests,	we	created	two	generalized	linear	model	(GLM,	
with	 Poisson	 error	 distribution)	 with	 number	 of	 ant	 nests	 as	 re-
sponse	variable	and	(1)	the	compound	LUI	as	predictor	variable	and	
(2)	with	the	three	different	 land-use	components	 (mowing-,	graz-











was	 performed	 using	 the	 “metaMDS”	 function	 in	 the	 R	 package	
“vegan”	(Oksanen	et	al.,	2016).	The	trait	data	were	plotted	post	hoc	
with	 1,000	 permutations	 using	 the	 function	 “envit.”	 Differences	
between	the	trait	space	of	the	LUI	categories	were	tested	with	a	
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3.1 | Effects of land use on ant species richness
A	high	 land-use	 intensity	 (LUI)	had	a	significant	negative	effect	on	
ant	 species	 richness,	 compared	over	all	 regions	 (GLM:	χ1
2	=	65.15;	
p	<	0.001,	 Figure	 1).	 Among	 the	 regions,	 similar	 negative	 effects	
were	found	for	the	Hainich	(z	=	−4.54;	p	<	0.001;	Supporting	infor-
mation	 Figure	 S1)	 and	 Alb	 (z	=	−7.55;	 p	<	0.001;	 Supporting	 infor-
mation	Figure	S1),	but	not	for	the	Schorfheide	(z	=	2.06;	p = 0.039; 
Supporting	information	Figure	S1)	where	we	found	positive	effects.	




2 = 24.05; 
p	<	0.001;	 Supporting	 information	 Figure	 S2).	 Fertilization	 had	 no	
significant	effect	(GLM:	χ1
2 = 0.17; p	=	0.68;	Supporting	information	
Figure	S2).
3.2 | Effects of environmental variables and land‐
use components on ant species richness










The	 second	multimodel	 averaging	 approach	 (GM-2;	 only	 plots	
with	 livestock)	 revealed	 that	 six	 of	 the	 thirteen	 variables	 used	
were	 important	 for	explaining	ant	species	 richness	 (Table	2b).	The	
piecewise	SEM	 (Figure	2b)	showed	the	effect	of	 land	use	including	










ferent	 levels	 of	 land-use	 intensity	were,	 for	 example,	 Lasius niger, 
Myrmica rubra,	 and	 M. scabrinodis.	 Other	 common	 species,	 like	
Formica rufibarbis,	 F. cunicularia, or F. clara,	 were	 rarely	 found	 on	
plots	with	high	land-use	intensity.	Among	the	less	common	species,	
Myrmica gallienii or Tetramorium caespitum	showed	higher	tolerances	










significantly	 negatively	 influenced	 by	 increased	 land-use	 (GLM:	
χ1
2 = 9.29; p	<	0.002;	 Supporting	 information	 Figures	 S3,	 S4).	
Separately	 analyzed	 for	 the	 three	 land-use	 categories,	we	did	 not	
find	significant	effects	for	mowing	(GLM:	χ1
2 = 2.32; p	=	0.13),	graz-
ing	 (GLM:	 χ1
2 = 0.08; p	=	0.78),	 and	 fertilization	 (GLM:	 χ1
2 = 2.29; 
p	=	0.13).
Land-use	 intensity	 also	 affected	 the	 functional	 trait	 space	 of	
ant	communities.	Overall,	ant	community	functional	trait	space	of	
morphological	traits	(PERMANOVA:	F1	=	0.35,	p	=	0.72,	Figure	5a)	
and	 life	 history	 traits	 (PERMANOVA:	 F1	=	0.34,	 p	=	0.78)	 did	 not	
change	 significantly	 among	 plots	 managed	 at	 low,	 medium,	 and	
high	 land-use	 intensities.	 However,	 functional	 trait	 space	 for	 life	









functional	 trait	 space	 (life	 history	 traits),	 and	 a	 change	 of	 ant	
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4.1 | Effects of land use on ant species richness
When	 comparing	 the	 three	 management	 practices,	 only	 mow-
ing	 and	 grazing	 had	 significant,	 negative	 effects	 on	 ant	 species	
TA B L E  2  Results	of	the	multimodel	averaging	approach	for	ant	species	richness	(a)	for	all	plots	(n	=	96)	and	(b)	for	all	plots	with	livestock	
(n	=	69)
(a) Variable Importance (%) N‐containing models (b) Variable Importance (%) N‐containing models
Mowing	intensity 100 6 Livestock 100 6
Grazing	intensity 100 6 Soil	moisture 100 6
Soil	moisture 100 6 Mowing	intensity 71 4
Plant	species	richness 67 4 Fertilization	intensity 43 3
Vegetation	height 61 4 Cover	shrubs 27 2
Cover	litter 28 2 Grazing	intensity 15 1
Cover	shrubs 11 1
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richness.	 The	 way	 in	 which	 mowing	 influences	 temperate	 ant	
communities	 is	 not	 well	 understood	 since	 former	 studies	 have	
focused	 on	 the	 time	 of	 mowing	 (Grill,	 Cleary,	 Stettmer,	 Bräu,	 &	
Settele,	 2008;	Korösi	 et	 al.,	 2014)	 rather	 than	on	mowing	 inten-
sity.	For	example,	Dahms,	Wellstein,	Wolters,	and	Dauber	 (2005)	
found	no	effect	of	low-intensity	mowing	(once	or	twice	per	year)	
compared	 with	 other	 low-intensity	 management	 types	 (mown	
pastures,	cattle	pastures,	and	silage	meadow).	Negative	effects	of	









year	 (2.7	species).	 In	our	 study,	we	 found	 that	ant	 species	which	
are	directly	threatened	by	mowing	were	mainly	species	which	build	
aboveground	nests	such	as	most	Formica	species	and	Lasius flavus. 







Effects	 of	 grazing	 on	 ants	 depended	 on	 grazing	 intensity	 as	
well	 as	 livestock	 type.	 High	 grazing	 intensity	 affected	 ant	 spe-
cies	richness	negatively.	However,	 in	the	present	study	pastures	
grazed	 at	 high	 intensity	were	 only	 stocked	with	 cattle.	 In	 com-
parison,	 grazing	 by	 sheep	 or	 cattle	 pastures	with	 a	 low	 grazing	









and	 generally	 pastures	 grazed	 at	 low	 intensity.	 Plant	 species	











Temperate	 ant	 species	 are	 thermophiles	 and	 prefer	warm	 and	
dry	 habitats	 (Sanders,	 Lessard,	 Fitzpatrick,	 &	 Dunn,	 2007)	 with	 a	
rather	small	range	of	soil	moisture	tolerated	by	most	species	(Seifert,	
2017).	However,	the	(ground)	temperature	was	not	among	the	most	
important	 variables	 in	 our	 analyses.	 This	 can	 be	 explained	 by	 the	
low	temperature	range	among	the	plots	(85%	of	plots	had	an	aver-
age	ground	 temperature	between	16	and	18°C).	Furthermore,	 the	
temperature	 measurement	 of	 ten	 centimeters	 above	 the	 ground	
might	 not	 directly	 represent	 the	 warm	 temperatures	 on	 sun-ex-
posed	ground.	But	since	soil	moisture	and	sun	exposure	should	be	
correlated	with	 each	 other,	we	 assume	 that	 plots	with	 a	 high	 soil	
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moisture	 also	 have	 a	 lower	 ground	 temperature.	 Indeed,	 across	
Central	 Europe,	 Seifert	 (2017)	 found	 the	 highest	 average	 number	




had	 the	 lowest	mean	 soil	moisture.	However,	overall	 species	 rich-
ness	was	 relatively	 low	 in	 this	 region	and	decreased	strongly	with	
increasing	 soil	 moisture.	 Pastures	 in	 the	 Schorfheide	 were	 never	
grazed	 by	 sheep,	which	was	where	 high	 ant	 species	 richness	was	
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that	a	potential	 increase	of	ant	 species	 richness	 in	grassland	plots	
could	be	achieved	by	a	change	in	the	grassland	management,	shifting	
from	cattle	to	sheep	pastures.
4.2 | Effects of land use on functional trait 
space and ant community compositions
The	 functional	 trait	 space	of	 ant	 communities	decreased	with	 in-
creasing	 land-use	 intensity.	At	 high	 land-use	 intensities,	 14	 of	 31	
species	 were	 absent	 and	 most	 others,	 such	 as	 Formica	 species,	
occurred	only	occasionally.	The	most	common	species	on	high-in-






Lasius paralienus-complex:	L. alienus,	L. paralienus,	 and	L. psammo‐
philus, which	require	warm	habitats	with	reduced	plant	cover	such	
as	nutrient-poor	grasslands	or	sheep	pastures	(Seifert,	2007,	2017).	
Species	 communities	 in	 grasslands	 managed	 at	 high	 intensities,	





(Seifert,	 2007).	High	 land-use	 intensities,	 and	 in	 particular	 a	 high	
mowing	 frequency,	 diminish	 the	 required	 structural	 and	 plant	 di-
versity	 in	grasslands	 for	such	species	and	additionally	 lead	 to	 the	
destruction	of	nests.
Ant	 species	 living	 in	 intensively	 used	 grasslands	 must	 be	 dis-
turbance-resistant,	 euryoecious	 and	 able	 to	 tolerate	 large	 climatic	
variations	 as	 the	 ground	 temperature	 increases,	 and	 soil	 humidity	
declines	 rapidly	 after	mowing	 (Seifert	 &	 Pannier	 2007).	 Beside	 L. 














land-use	 intensity	 reduced	 the	 number	 of	 ant	 species	 and	 the	
number	 of	 (aboveground)	 nests.	 In	 addition,	 it	 led	 to	 a	 reduced	
functional	diversity	and	caused	species	community	homogeniza-
tion.	Therefore,	we	can	show	a	similar	response	of	ants	to	higher	
land-use	 intensities	 as	 shown	 for	multiple	 other	 groups	 such	 as	




intensity,	 especially	 the	 number	 of	 mowing	 events	 per	 year.	 A	
transformation	of	nutrient-rich	meadows	with	a	low	plant	species	












Kerstin	Wiesner,	 and	Martin	Gorke	 for	 their	work	 in	maintaining	
the	plot	and	project	infrastructure;	Christiane	Fischer	and	Simone	
Pfeiffer	 for	 giving	 support	 through	 the	 central	 office;	 Michael	
Owonibi	 for	managing	 the	 central	 database;	 and	Markus	 Fischer,	
Eduard	 Linsenmair,	 Dominik	 Hessenmöller,	 Jens	 Nieschulze,	
Daniel	Prati,	Ingo	Schöning,	François	Buscot,	Ernst-Detlef	Schulze,	
Wolfgang	W.	Weisser,	 and	 the	 late	 Elisabeth	 Kalko	 for	 their	 role	






Biodiversity-Exploratories”	 (DFG-	 Ref	 no.	 FE631/7-1).	 MEG	 has	
been	 funded	 by	 the	 Federal	Ministry	 of	 Education	 and	 Research	
(BMBF),	“Qualitätsoffensive	Lehrerbildung,”	support	code	01JA160.	
Fieldwork	 permits	were	 issued	 by	 the	 responsible	 state	 environ-
mental	office	of	Baden-Württemberg,	Thüringen,	and	Brandenburg	
(according	to	§	72BbgNatSchG).





4022  |     HEUSS Et al.
and	HF	analyzed	the	data	and	wrote	the	first	version	of	the	manu-
script.	All	auths	helped	to	improve	the	manuscript






1000).	 However,	 to	 give	 data	 owners	 and	 collectors	 time	 to	






Michael E. Grevé  https://orcid.org/0000-0003-2782-6577 
Heike Feldhaar  https://orcid.org/0000-0001-6797-5126 
R E FE R E N C E S
Allan,	 E.,	 Bossdorf,	 O.,	 Dormann,	 C.	 F.,	 Prati,	 D.,	 Gossner,	 M.	 M.,	
Tscharntke,	 T.,	 …	 Fischer,	M.	 (2014).	 Interannual	 variation	 in	 land-
use	 intensity	 enhances	 grassland	multidiversity.	 Proceedings of the 






Bartón,	 K.	 (2016).	 MuMIn:	 Multi-Model	 Inference.	 R	 package	 version	
1.15.6.	https://CRAN.R-project.org/package=MuMIn







Blüthgen,	 N.,	 Dormann,	 C.	 F.,	 Prati,	 D.,	 Klaus,	 V.	 H.,	 Kleinebecker,	 T.,	
Hölzel,	N.,	…	Weisser,	W.	W.	(2012).	A	quantitative	index	of	land-use	
intensity	in	grasslands:	Integrating	mowing,	grazing	and	fertilization.	
Basic and Applied Ecology,	 13,	 207–220.	 https://doi.org/10.1016/j.
baae.2012.04.001














Bromham,	 L.,	 Cardillo,	 M.,	 Bennett,	 A.	 F.,	 &	 Elgar,	 M.	 A.	 (1999).	
Effects	 of	 stock	 grazing	 on	 the	 ground	 invertebrate	 fauna	 of	
woodland	 remnants.	 Austral Ecology,	 24,	 199–207.	 https://doi.
org/10.1046/j.1442-9993.1999.00963.x






the	Czech	Republic	 and	Slovakia	 (with	new	world	 records).	Preslia,	
87,	217–278.
Czechowski,	 W.,	 Radchenko,	 A.,	 Czechowska,	 W.,	 &	 Vepsäläinen,	 K.	
(2012).	 The	 ants	 of	 Poland	 with	 reference	 to	 the	 myrmecofauna	
of	Europe.	 In	W.	Czechowski,	A.	Radchenko,	W.	Czechowska,	&	K.	
Vepsäläinen	 (Eds.),	 Fauna Poloniae (New Series).	Warszawa,	 Poland:	
Natura	Optima	dux	Foundation.





the	viable	seed	bank	in	pastures.	European Journal of Soil Biology,	42,	
S157–S163.
Dauber,	J.,	&	Wolters,	V.	(2004).	Edge	effects	on	ant	community	struc-
ture	 and	 species	 richness	 in	 an	 agricultural	 landscape.	Biodiversity 
and Conservation,	13,	901–915.
Dauber,	J.,	&	Wolters,	V.	(2005).	Colonization	of	temperate	grassland	by	
ants.	Basic and Applied Ecology,	6,	83–91.	https://doi.org/10.1016/j.
baae.2004.09.011
Dean,	W.	 R.	 J.,	Milton,	 S.	 J.,	 &	 Klotz,	 S.	 (1997).	 The	 role	 of	 ant	 nest-
mounds	 in	 maintaining	 small-scale	 patchiness	 in	 dry	 grasslands	 in	
Central	Germany.	Biodiversity and Conservation,	6,	1293–1307.
Dekoninck,	W.,	De	Koninck,	H.,	Baugnée,	J.	Y.,	&	Maelfait,	J.	P.	 (2007).	
Ant	 biodiversity	 conservation	 in	 Belgian	 calcareous	 grasslands:	
Active	management	is	vital.	Belgian Journal of Zoology,	137,	137–146.
Del	Toro,	 I.,	Ribbons,	R.	R.,	&	Pelini,	S.	L.	 (2012).	The	 little	 things	 that	
run	the	world	revisited:	A	review	of	ant-mediated	ecosystem	services	
and	 disservices	 (Hymenoptera:	 Formicidae).	 Myrmecological News,	
17,	133–146.
Dennis,	 P.,	 Skartveit,	 J.,	McCracken,	 D.	 I.,	 Pakeman,	 R.	 J.,	 Beaton,	 K.,	
Kunaver,	 A.,	 &	 Evans,	D.	M.	 (2008).	 The	 effects	 of	 livestock	 graz-
ing	 on	 foliar	 arthropods	 associated	with	 bird	 diet	 in	 upland	 grass-
lands	of	Scotland.	Journal of Applied Ecology,	45,	279–287.	https://doi.
org/10.1111/j.1365-2664.2007.01378.x
Diaz,	 M.	 (1991).	 Spatial	 patterns	 of	 granivorous	 ant	 nest	 abundance	




functional	 biodiversity	 research:	 The	 Biodiversity	 Exploratories.	









D.,	…	Allan,	E.	 (2016).	 Land-use	 intensification	 causes	multitrophic	
homogenization	 of	 grassland	 communities.	 Nature,	 540,	 266–269.	
https://doi.org/10.1038/nature20575
     |  4023HEUSS Et al.
Gossner,	M.	M.,	Weisser,	W.	W.,	&	Meyer,	S.	T.	(2014).	Invertebrate	her-
bivory	decreases	along	a	gradient	of	increasing	land-use	intensity	in	
German	grasslands.	Basic and Applied Ecology,	15,	347–352.	https://
doi.org/10.1016/j.baae.2014.03.003
Grevé,	M.	 E.,	 Hager,	 J.,	Weisser,	W.	W.,	 Schall,	 P.,	 Gossner,	M.	M.,	 &	
Feldhaar,	H.	(2018).	Effect	of	forest	management	on	temperate	ant	
communities.	Ecosphere,	9,	e02303.
Grill,	 A.,	 Cleary,	 D.	 F.	 R.,	 Stettmer,	 C.,	 Bräu,	 M.,	 &	 Settele,	 J.	 (2008).	
A	 mowing	 experiment	 to	 evaluate	 the	 influence	 of	 manage-
ment	 on	 the	 activity	 of	 host	 ants	 of	Maculinea butterflies.	 Journal 






Haddad,	N.	M.,	Haarstad,	 J.,	&	Tilman,	D.	 (2000).	The	effects	of	 long-
term	 nitrogen	 loading	 on	 grassland	 insect	 communities.	Oecologia,	
124,	73–84.	https://doi.org/10.1007/s004420050026
Harpole,	 W.	 S.,	 &	 Tilman,	 D.	 (2007).	 Grassland	 species	 loss	 resulting	
from	 reduced	 niche	 dimension.	Nature,	 446,	 791–793.	 https://doi.
org/10.1038/nature05684
Hejcman,	M.,	Hejcmanová,	P.,	Pavlů,	V.,	&	Beneš,	 J.	 (2013).	Origin	and	
history	of	grasslands	in	central	Europe	-	A	review.	Grass and Forage 
Science,	68,	345–363.	https://doi.org/10.1111/gfs.12066
Hendrickx,	 F.,	 Maelfait,	 J.	 P.,	 Van	 Wingerden,	 W.,	 Schweiger,	 O.,	
Speelmans,	 M.,	 Aviron,	 S.,	 …	 Bugter,	 R.	 (2007).	 How	 land-
scape	 structure,	 land-use	 intensity	 and	 habitat	 diversity	 affect	
components	 of	 total	 arthropod	 diversity	 in	 agricultural	 land-







Review of Ecology and Systematics,	 13,	 201–228.	 https://doi.
org/10.1146/annurev.es.13.110182.001221
Hutchinson,	 K.	 J.,	 &	 King,	 K.	 L.	 (1980).	 The	 effects	 of	 sheep	 stocking	
level	on	 invertebrate	abundance,	biomass	and	energy	utilization	 in	
a	temperate,	sown	grassland.	The Journal of Applied Ecology,	17,	369.	
https://doi.org/10.2307/2402333
Kleijn,	D.,	Kohler,	F.,	Baldi,	A.,	Batary,	P.,	Concepcion,	E.,	Clough,	Y.,	…	
Verhulst,	 J.	 (2009).	 On	 the	 relationship	 between	 farmland	 biodi-
versity	 and	 land-use	 intensity	 in	 Europe.	 Proceedings of the Royal 




scarce	 large	 blue	 butterfly	 -	 A	 fine-scale	 experiment.	 Agriculture, 





Laliberté,	 E.,	 &	 Legendre,	 P.	 (2010).	 A	 distance-based	 framework	 for	
measuring	functional	diversity	from	multiple	traits.	Ecology,	91,	299–
305.	https://doi.org/10.1890/08-2244.1
Lefcheck,	 J.	 S.	 (2016).	 piecewiseSEM:	 Piecewise	 structural	 equation	




scape	composition	in	the	European	Alps.	Journal of Applied Ecology,	
45,	361–370.	https://doi.org/10.1111/j.1365-2664.2007.01402.x
Nemec,	 K.	 T.	 (2014).	 Tallgrass	 prairie	 ants:	 Their	 species	 compo-
sition,	 ecological	 roles,	 and	 response	 to	 management.	 Journal 
of Insect Conservation,	 18,	 509–521.	 https://doi.org/10.1007/
s10841-014-9656-2
Nickel,	H.,	&	Hildebrandt,	 J.	 (2003).	Auchenorrhyncha	communities	 as	
indicators	of	disturbance	in	grasslands	(Insecta,	Hemiptera)	-	A	case	
study	 from	 the	 Elbe	 flood	 plains	 (northern	 Germany).	 Agriculture, 
Ecosystems and Environment,	98,	 183–199.	https://doi.org/10.1016/
S0167-8809(03)00080-X












ing	 in	 a	 small-scale	 experiment.	 Community Ecology,	 16,	 115–124.	
https://doi.org/10.1556/168.2015.16.1.13
Penick,	C.	A.,	&	Tschinkel,	W.	R.	(2008).	Thermoregulatory	brood	trans-
port	in	the	fire	ant,	Solenopsis invicta. Insectes Sociaux,	55,	176–182.	
https://doi.org/10.1007/s00040-008-0987-4
Pérez-Sánchez,	A.	J.,	Zopf,	D.,	Klimek,	S.,	&	Dauber,	J.	(2017).	Differential	
responses	 of	 ant	 assemblages	 (Hymenoptera:	 Formicidae)	 to	 long-
term	 grassland	 management	 in	 Central	 Germany.	 Myrmecological 
News,	25,	13–23.
Pihlgren,	A.,	Lenoir,	L.,	&	Dahms,	H.	(2010).	Ant	and	plant	species	rich-
ness	 in	 relation	 to	 grazing,	 fertilisation	 and	 topography.	 Journal 
for Nature Conservation,	 18,	 118–125.	 https://doi.org/10.1016/j.
jnc.2009.06.002
R	 Development	 Core	 Team.	 (2016).	 R: A language and environment for 
statistical computing.	 Vienna,	 Austria:	 R	 Foundation	 for	 Statistical	
Computing.	0:{ISBN}	3-900051-07-0.
Radchenko,	 A.	G.,	 &	 Elmes,	G.	W.	 (2010).	Myrmica ants (Hymenoptera: 
Formicidae) of the Old World.	 Page	 Fauna	Mundi.	Warsaw,	 Poland:	
Natura	Optima	Dux	Foundation.
Sanders,	 D.,	 &	 van	 Veen,	 F.	 J.	 F.	 (2011).	 Ecosystem	 engineer-
ing	 and	 predation:	 The	 multi-trophic	 impact	 of	 two	 ant	 spe-
cies.	 Journal of Animal Ecology,	 80,	 569–576.	 https://doi.
org/10.1111/j.1365-2656.2010.01796.x
Sanders,	 N.	 J.,	 Lessard,	 J.	 P.,	 Fitzpatrick,	 M.	 C.,	 &	 Dunn,	 R.	 R.	
(2007).	 Temperature,	 but	 not	 productivity	 or	 geometry,	 pre-
dicts	 elevational	 diversity	 gradients	 in	 ants	 across	 spatial	 grains.	













of	 soil	 temperatures	 in	 terrestrial	 ecosystems.	 Abhandlungen und 
Berichte des Naturkundemuseums Görlitz,	78,	151–182.
Seifert,	 B.,	 &	 Schultz,	 R.	 (2009).	 A	 taxonomic	 revision	 of	 the	 Formica 
rufibarbis	 FABRICIUS,	 1793	 group	 (Hymenoptera:	 Formicidae).	
Myrmecological News,	12,	255–272.
4024  |     HEUSS Et al.
Simons,	N.	 K.,	Gossner,	M.	M.,	 Lewinsohn,	 T.	M.,	 Boch,	 S.,	 Lange,	M.,	
Müller,	J.,	…	Weisser,	W.	W.	(2014).	Resource-mediated	indirect	ef-
fects	 of	 grassland	management	 on	 arthropod	 diversity.	PLoS ONE,	
9(9),	e107033.
Simons,	N.	K.,	Gossner,	M.	M.,	Lewinsohn,	T.	M.,	Lange,	M.,	Türke,	M.,	
&	Weisser,	W.	W.	 (2015).	 Effects	 of	 land-use	 intensity	 on	 arthro-





Agriculture, Ecosystems and Environment,	237,	 143–153.	 https://doi.
org/10.1016/j.agee.2016.12.022
Socher,	S.	A.,	Prati,	D.,	Boch,	S.,	Müller,	J.,	Baumbach,	H.,	Gockel,	S.,	…	
Fischer,	M.	 (2013).	 Interacting	 effects	 of	 fertilization,	mowing	 and	
grazing	on	plant	species	diversity	of	1500	grasslands	in	Germany	dif-
fer	between	regions.	Basic and Applied Ecology,	14,	126–136.	https://
doi.org/10.1016/j.baae.2012.12.003
Socher,	 S.	 A.,	 Prati,	 D.,	 Boch,	 S.,	Müller,	 J.,	 Klaus,	 V.	 H.,	 Hölzel,	 N.,	 &	
Fischer,	 M.	 (2012).	 Direct	 and	 productivity-mediated	 indirect	
effects	 of	 fertilization,	 mowing	 and	 grazing	 on	 grassland	 spe-
cies	 richness.	 Journal of Ecology,	 100,	 1391–1399.	 https://doi.
org/10.1111/j.1365-2745.2012.02020.x
Statistisches	Bundesamt.	(2016).	Statistische	Jahrbuch	2016.
Stewart,	G.	B.,	&	Pullin,	A.	S.	 (2008).	The	 relative	 importance	of	graz-
ing	stock	type	and	grazing	intensity	for	conservation	of	mesotrophic	
“old	meadow”	pasture.	Journal for Nature Conservation,	16,	175–185.	
https://doi.org/10.1016/j.jnc.2008.09.005
Thorbek,	P.,	&	Bilde,	T.	 (2004).	Reduced	numbers	of	generalist	arthro-
pod	predators	after	crop	management.	Journal of Applied Ecology,	41,	
526–538.	https://doi.org/10.1111/j.0021-8901.2004.00913.x
Whitford,	W.	G.,	Van	Zee,	J.,	Nash,	M.	S.,	Smith,	W.	E.,	&	Herrick,	J.	E.	
(1999).	 Ants	 as	 indicators	 of	 exposure	 to	 environmental	 stressors	
in	North	American	desert	grasslands.	Environmental Monitoring and 
Assessment,	54,	143–171.
Wills,	 B.	D.,	&	 Landis,	D.	A.	 (2018).	 The	 role	 of	 ants	 in	 north	 temper-
ate	 grasslands:	 A	 review.	 Oecologia,	 186,	 323–338.	 https://doi.
org/10.1007/s00442-017-4007-0
SUPPORTING INFORMATION
Additional	 supporting	 information	 may	 be	 found	 online	 in	 the	
Supporting	Information	section	at	the	end	of	the	article.	
How to cite this article:	Heuss	L,	Grevé	ME,	Schäfer	D,	Busch	
V,	Feldhaar	H.	Direct	and	indirect	effects	of	land-use	
intensification	on	ant	communities	in	temperate	grasslands.	
Ecol Evol. 2019;9:4013–4024. https://doi.org/10.1002/
ece3.5030
